ABSTRACT: Estuarine fish communities are usually used in an ecological monitoring context to infer the environmental changes ocurring in estuarine environments. In the present paper several analytical tools, namely community analysis indices, species-ranking methods and multivariate ordination techniques, were applied to time series data for the Tagus fish community for 2 periods: 1979 to 1981 and 1995 to 1997. Assessment of the relative importance of anthropogenic versus naturally induced fluctuations is made difficult by the range of natural short-term variations. For the Tagus case study, multivariate ordination techniques, rather than the ranking methods and indices analyzed, provide a good indicator of long-term changes. The major trends in the changes observed in this fish community were a decrease in abundance for several species that use the estuary as a nursery area and an increase in some resident species, namely Gobius spp. and Halobatrachus didactylus. Several species with southern European affinities have increased their importance within the Tagus estuarine fish community.
INTRODUCTION
Human activities have a considerable impact on estuarine fish communities. Agricultural, industrial and engineering projects alter the shape and nature of estuaries, domestic and industrial discharges add pollution stress and heavy fishing pressure has a significant effect on abundance and community structure (Haedrich 1983) .
Several levels of biological organization have been used to investigate the health of an estuarine system and to assess environmental impacts (Attrill & Depledge 1997) , but the community level has been suggested as being the most important for impact studies (e.g. Clements & Kiffney 1994 , Paller et al. 1996 .
Several authors (e.g. Elliott et al. 1988 , Warwick 1993 have outlined a set of advantages of using fish communities in environmental impact studies, namely the high mobility of fish species, the speed of processing samples and the fact that they allow a multi-trophic approach. Despite these advantages, there are some features that reduce their usefulness, such as the difficulty of achieving effective quantitative sampling, the conflict of mobility versus fidelity and, especially, the slow response time to disturbance. However, it should be emphasized that the majority of these negative aspects would also apply to other taxonomic groups (e.g. invertebrates) that may be used in biological monitoring (Whitefield 1996) .
The Tagus estuary has long been subjected to industrial development, urbanization and port and fishing activities. Costa & Elliott (1991) , Fernandes et al. (1995) and Costa & Cabral (1999) emphasized the most important human pressures and conflicts due to these multiple uses and their significance for nature conservation.
The fish community of the Tagus estuary has been studied since the late 1970s. In the first studies, con-ducted from 1978 to 1981, Costa (1986) recorded ~40 species. Costa & Bruxelas (1989) identified 7 species that use this estuary as a nursery: Trisopterus luscus (Linnaeus, 1758) , Ciliata mustela (Linnaeus, 1758), Dicentrarchus labrax (Linnaeus, 1758) , Trigla lucerna Linnaues, 1758, Platichthys flesus (Linnaeus, 1758), Solea solea (Linnaeus, 1758) and Solea senegalensis Kaup, 1858. After these first studies, only occasional surveys were performed until 1994 (in 1986 and 1988) . Since 1994, an effort has been made to continue this time series and more detailed studies have been undertaken. These later studies showed that some fish species were present in very low numbers or were even absent (Costa & Cabral 1999) .
Although the fish abundance and environmental data available are limited, the present paper aims to evaluate several analytical techniques in order to relate the fish community with the environmental changes in the system. Fig. 1) , with an area of 320 km 2 , is a mesotidal estuary with a tidal amplitude of ~4 m. The intertidal and saltmarsh areas are ~40% of the total estuarine area. The mean river flow is ~400 m 3 s -1
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Study area. The Tagus estuary (
, being highly variable both seasonally and interannually (Fig. 2) . Salinity varies from 0 ‰, 50 km upstream from the mouth, to nearly 37 ‰ at the mouth of the estuary. Water temperature ranges from 8 to 26°C.
The estuary has long been subjected to industrial development and urbanization. Several hundred industries labor along the estuarine borders. The upper part is bordered by land used intensively for agriculture (Fernandes et al. 1995) . The Lisbon metropolitan area is heavily populated, with the highest increase in population to date occurring between 1970 and 1980 ( Fig. 3 ). At present, ca 2 million people live around the estuary.
Water quality control and monitoring in the river Tagus basin is recent. Holistic overviews of pollution estimates are particularly scarce, but the values determined for discharges in the river are generally higher compared to the estuary (Table 1) .
The estuary has an important role as an overwintering area and feeding ground for birds. Part of the estuarine area is a nature reserve (Tagus Estuary Nature Reserve). In addition, some areas have special protection status (Birds Directive 79/409/EEC).
2.2. Sampling surveys and data analysis. The fish community of the Tagus estuary was studied based on monthly beam trawl catches in surveys made between 1979 and 1981 (Costa 1986 ) and from 1995 until 1997 (Cabral 1998 , Costa et al. 1998 . A 4 m beam trawl with one tickler chain and 10 mm mesh size was used and towed for 15 min at ~1 knot. The location of sampling stations in the 2 periods was similar, covering the whole estuarine area (Fig. 1) . At each sampling station the number of hauls per month varied from 2 to 4.
To enable comparisons between the 2 periods, and because taxonomic resolution has changed over the period, some species were merged into higher taxa.
In order to assess community structure, an ecological guild (EG) was attributed to each fish species according to McHugh (1967) and Elliott & Dewailly (1995) : ER, estuarine resident species; MA, marine adventitious species; CA, diadromous species; MS, marine seasonal migrant species, that occur in the estuary both as juvenile or adult; MJ, marine migrant species, that occur in the estuary mainly as juveniles; FW, freshwater adventitious species. The chi-square statistic was used for the analysis of the contingency table of the number of species per ecological guild for each year (Zar 1996 ). The null hypothesis tested was that the number of species for each guild was the same in the periods considered.
To investigate species-abundance relationships, species were ranked according to their abundance in each year. A Friedman test was used to evaluate the concordance of the ranks of the 20 most abundant species (in the years overall) during the periods considered. Spearman rank correlation coefficients were calculated to examine differences between all possible pairs of years (Zar 1996) . Species rank-abundance distributions were also determined for each year, based on the 20 most abundant species. Several indices were calculated, namely species richness (Margalef 1958) , Shannon-Weaver (Shannon & Weaver 1949) and evenness (Pielou 1977) . Community structure was also evaluated using a principal components analysis (PCA), based on the species abundance data. This analysis was performed using log transformed abundance data of the 20 most abundant species in the years overall. The PCA was performed using Statistica software (Statsoft 1993) .
The available data on environmental conditions in the 2 periods considered was surface water temperature values in 2 estuarine sites (near Stns C and D, Fig. 1 ), recorded at identical tidal conditions in March and November 1980 -1982 , and time series values for air temperature and phosphates, nitrites and ammonia concentration in the Tagus river. Differences in water temperature values in the 2 periods were tested using a t-test and considering a 0.05 significance level. The variation trends of the other environmental variables, throughout the time periods considered, were evaluated by Spearman rank correlation tests. These test procedures were performed using Statistica software (Statsoft 1993).
RESULTS
Although a similar species composition was found in the periods considered (Table 2) , ranks based on abundance data were significantly different (Friedman χ 2 = 29.68, p < 0.05). The Spearman rank correlations determined for all the possible pairs of years showed that the significant differences were mainly obtained for the years of the baseline (1979) (1980) (1981) relative to recent surveys (1995) (1996) (1997) (Table 3) .
Pomatoschistus spp. were the dominant species in all the years studied. Several other species presented similar ranks in all the periods, namely Solea spp., Engraulis encrasicolus (Linnaeus, 1758) and Dicentrarchus labrax, which were always found within the 10 most abundant species. The major differences between the baseline and recent surveys were a decrease in the abundance of Sprattus sprattus (Linnaeus, 1758), Platichthys flesus, Ciliata mustela, Trisopterus luscus and Trigla lucerna from 1979-1981 to 1995-1997 , and an increase in the ranks of Liza ramada (Risso, 1826), Halobatrachus didactylus, Diplodus bellottii (Steindachner, 1885), Sparus aurata Linnaeus, 1758, and Argyrosomus regius (Asso, 1801) in the later period.
The species rank-abundance relation (Fig. 4 ) showed mainly 2 different patterns. In 1979 In , 1980 and 1997 the first of the most abundant species represented between 59 and 70% of the total number of individuals of all the species, while in the other years the values ranged from 75 to 95%. Other differences between the 2 groups of species-abundance distributions were due to the relative contributions of the 10 The fish community structure based on ecological guilds was very similar in all the years considered (Table 4 ). The most representative ecological guilds were marine migrant species, which occur in the estuary mainly as juveniles, marine adventitious species and estuarine resident species. The highest variation in the number of species per guild was noticed for the marine adventitious species, which varied from 4 to 13 species. The differences in the number of species per 122 Species EG 1979 1980 1981 1997 Mustelus mustelus ) and rank according to abundance data (in parentheses and in decreasing order) for the periods studied (1979-1981 and 1995-1997) and ecological guild (EG) guild in the several years considered, evaluated by the χ 2 test, were not significant (χ 2 = 8.46, p > 0.05). The range of the values of richness, ShannonWeaver and evenness indices obtained for the baseline and recent surveys were not very different. Nevertheless, it was noticed that species richness values were generally higher in recent years, while the maximum values of diversity and evenness were obtained in the baseline surveys (Table 5) .
Principal components analysis of species abundance data accounted for 72% of the variance with the first 2 ordination axes (Table 6 ). The ordination diagram of the first 2 axes showed that the points relative to baseline survey years were found to the left of the diagram while those of recent surveys were located to the right (Fig. 5) . This pattern along the first principal component was related to an increase in the abundance of Lisa ramada, Gobius spp., Halobatrachus didactylus, Barbus bocagei (Steindachner, 1866), Diplodus bellottii, Argyrosomus regius, Diplodus vulgaris (E. G. SaintHilaire, 1817) and Sparus aurata, which presented factor loadings higher than 0.7 (Table 7) . The dispersion along the second principal component was higher in the baseline survey years and was positively associated with the abundance of Solea spp., Engraulis encrasicolus, Anguilla anguilla (Linnaeus, 1758), Ciliata mustela and Liza aurata (Risso, 1810) and negatively with Atherina spp. (Table 7 ).
Significant differences were obtained between water temperature values in baseline (1980) (1981) (1982) (1983) and recent surveys (1995) (1996) (Table 8 
DISCUSSION
The assessment of environmental impacts in biological communities is extremely dependent on the analytical tools used (Warwick & Clarke 1993) . Within the methods applied to the Tagus estuary fish community, multivariate techniques (Principal Components Analysis) best reflected species abundance changes, providing a more informative approach.
Several authors have indicated that multivariate analysis, and particularly ordination, is very sensitive for detecting community changes (e.g. Warwick & Clarke 1991) . Besides principal components analysis (e.g. Araujo et al. 1998 ), other techniques have been used successfully, namely canonical correspondence analysis (e.g. Attayde & Bozelli 1998) and multidimensional scaling (e.g. Clarke & Ainsworth 1993 , Warwick & Clarke 1993 .
For the other methods used in the analysis of the Tagus fish community, i.e. species ranking methods and community indices, the results were not so consistent. The patterns relative to baseline and recent surveys were not differentiated using ranking methods. Frontier (1985) suggested that the numerical distribution of individuals among species would exhibit a differential response to disturbance. In disturbed areas a numerical dominance of 1 or a small number of species would be expected, while in stable and undisturbed environments a more equable proportion of the dominant species should be observed. The results obtained for the Tagus fish community showed high variability in rank-abundance distributions, even on a short-term basis. As outlined by Beukema (1988) with reference to a similar species ranking method, the high variability characteristic of certain communities induced by natural fluctuations makes the assessment of disturbances due to anthropogenic factors difficult. This could be particularly so for estuarine systems, which are considered to be unpredictable environments.
Community index values could also be misleading. Warwick & Clarke (1993) commented that diversity assessments do not behave consistently or predictably in response to environmental stress. Increasing levels of disturbance may decrease, maintain or increase diversity (Huston 1979) .
Despite the similarities in the structure of the Tagus estuary fish community in the 2 periods considered (baseline and recent surveys), the relative abundance of species has changed. Among the species that increased their abundance in the recent surveys were Halobatrachus didactylus, Argyrosomus regius and several species of Sparidae, namely Diplodus bellottii and Sparus aurata. The northern limits of the geographic distributions of these species are within the coast of the Iberian Peninsula. Despite the lack of oceanographic data showing a change in climate, these results suggest that species with southern affinities may have increased their abundance due to recent changes in Table 7 . Factor loadings of the principal components analysis associated with each species, *loadings higher than 0.7 November 1980 November -1982 November 1995 November -1996 November 1980 November -1982 November 1995 November -1996 Table 8 . Mean values of surface water temperature (°C) recorded at identical tidal conditions in the periods 1980 -1982 natural environmental conditions. The decrease in the abundance of Platichthys flesus and Ciliata mustela also corroborates these findings, since the southern limit of their distribution is within the latitudinal range of Portugal. Furthermore, it is reported for P. flesus that their eggs are very sensitive to water temperatures higher than 12°C (in winter months) which induces high levels of mortality (von Westernhagen 1970) . Although the scarcity of environmental data for the Tagus estuary greatly constrains ecological interpretation of the changes recorded, the differences in water temperature between the 2 periods considered suggest that climate was warmer in recent years. The data on air temperature, measured in the upper part of the estuary, also indicate a slight increase in the past few years (maximum temperature: r s = 0.59, p < 0.05; minimum temperature: r s = 0.43, p < 0.05) (Fig. 6 ).
March
Other changes reported for the Tagus fish community may be associated with pollution. Costa & Cabral (1999) suggested that pollution probably induced changes in the nursery function of the Tagus estuary. Anthropogenic pressure also varied from the late 1970s until the present. Several industrial complexes, namely those related to the chemical and shipping industries, have ceased their activity. Although water quality data is lacking, this probably reduced the pollution levels within the estuary. The few time series of data available on water quality show that the concentration of several compounds that are related to pollution, namely phosphates, nitrites and ammonia, present a decreasing trend (phosphates: r s = -0.36, p < 0.05; nitrites: r s = -0.08, p > 0.05; ammonia: r s = -0.44, p < 0.05) (Figs 7 & 8 respectively) .
The available information on heavy metal concentration (mainly mercury) in some fish species (Simas 1998, C. Lima unpubl. data), supports a decrease of these pollutants from 1982 to 1998 (Table 9 ). However, data on other pollutants is not consistent. In recent surveys Bettencourt et al. (1999) reported high levels of TBTs. According to this author the depression of the shipping ) in several fish species of the Tagus estuary in 1982 (Simas 1998 industry in the 1980s was not sufficient to cause a decrease of TBTs in the Tagus estuary. Sewage discharges into the Tagus estuary have increased in the past years but it is probable that water quality levels have improved since several water treatment plants came into operation.
The decrease in abundance observed for some species, such as Trisopterus luscus and Trigla lucerna, may have been related to environmental quality, since these species are quite common in the adjoining coastal areas of the Tagus estuary (H.N.C. unpubl. data).
One of the main difficulties in relating changes in the fish community of the Tagus estuary to environmental fluctuations was the scarcity of data, especially time series. Long-term changes attract increasing interest from those concerned with ecological and management issues. Therefore effort should be made to develop holistic monitoring programs including several components, namely chemical, hydrographical and biological. Regarding fish communities, beam trawl surveys are a particularly suitable method for estuarine pollution assessment purposes, enabling the identification of long-term trends in species numbers and fish abundance (Pomfret et al. 1988 ).
